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PURPOSE: To prevent the breakdown of a junction base on the diffusion of Ag 
by forming it of a germanium layer, a nickel layer, a titanium layer and a sil- 
ver layer. 

CONSTITUTION: When a Ge layer 2, an Ni layer 3, a Ti layer 7 and an Ag layer 
8 are sequentially deposited in vacuum on an N type GaAs layer 6 formed on a 
P type GaAs substrate 5 to form electrodes and then sintered at high tempera- 
ture, electrodes 9 are obtained. In the electrodes 9 of such structure, the layer 
8 is used. Accordingly, diffusion to the layer 6 is less, and a junction breakdown 
due to diffusion into the semiconductor 1 of Au into the high temperature sin- 
tering process can be avoided. The adhesive force of the layer 8 is increased, 
thereby preventing the layer 8 from diffusing. 
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Japanese Examined Patent Application No. 59-66166, Published April 4, 1984; Application Filing 
No. 57-177739, Filed October 7, 1982; Inventor: Takashi ISHIHARA; Assignee: Mitsubishi Electric 
Corp. 

OHMIC ELECTRODE FOR AN N-TYPE GROUP lll-V COMPOUND SEMICONDUCTOR 

CLAIM: 

An ohmic electrode for an n-type group lll-V compound semiconductor, characterized in 
being made from a germanium layer, a nickel layer, a titanium layer, and a silver layer. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention is related to improvements for ohmic electrodes, and is especially 
related to ohmic electrodes that are applied for use in n-type group lll-V compound 
semiconductors that have thin joints. 

As for prior art ohmic electrodes for n-type group lll-V compound semiconductors, gold- 
based electrodes of gold-tin alloys or germanium-nickel-gold alloys or the like have been used. 

Figure 1 shows the structure of a germanium-nickel-gold alloy electrode. Within the figure, 
1 is an n-type group lll-V compound semiconductor (below, shortened to "semiconductor"); 
germanium layer 2, nickel layer 3, and gold layer 4 have been vacuum vapor-deposited in order on 
the surface thereof. 

Simply attaching the above alloy electrode does not allow an ohmic electrode to be 
obtained; an ohmic electrode can be obtained by carrying out high-temperature sintering within an 
inert or reduction atmosphere, or in a vacuum. 

However, not only is there a high cost associated with said gold alloy electrode, but within 
a high-temperature sintering process, the gold disperses into semiconductor 1 ; in a case such as 
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this wherein semiconductor 1 has thin joints, the edge of said dispersion causes a short circuit 
when it reaches the joint unit. This means the destruction of semiconductor 1 . 

The present invention addresses said disadvantage, and as such uses silver, which has a 
small expansion coefficient, for the group lll-V compound semiconductor instead of gold; 
furthermore, titanium is vapor-deposited between gold and nickel, increasing the adhesive power 
of the silver, and acting as a mask that prevents the dispersion of silver into the group lll-V 
compound semiconductor, so as to form an ohmic electrode. An embodiment of the present 
invention is explained using drawings below. 

Figure 2 is a cutaway view showing the electrode portion of a case wherein the present 
invention has been applied for use in a gallium arsenide (GaAs) homo-jointed solar cell. Within the 
drawing, a wafer having thin n-type GaAs layer 6 formed atop p-type GaAs substrate 5 is properly 
formed so as to have thickness and dimensions that match the expected purpose. By means of 
the method of the present invention, germanium layer 2, nickel layer 3, titanium layer 7, and silver 
layer 8 are vapor-deposited in order atop said n-type GaAs layer 6. 

Within the present embodiment, electrode 9 that is made from germanium layer 2, nickel 
layer 3, titanium layer 7, and silver layer 8 is selectively formed on a portion of n-type GaAS layer 
6; this is accomplished when germanium layer 2, nickel layer 3, titanium layer 7, and silver layer 8 
are vapor-deposited, by means of using a vapor-deposition mask or a photoplate technique. After 
forming the electrode, by effecting a high-temperature sintering process at, for example, 450 
degrees C, electrode 9 is obtained. As for the thickness of electrode 9, germanium layer 2 and 
titanium layer 7 are several hundred angstroms or the like; silver layer 8 is several thousand 
angstroms or the like. 

Within electrode 9 having this structure, because silver layer 8 is used, the dispersion into 
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GaAs layer 6 is small, and as shown in figure 1, joint destruction as generated in a Ge-Ni-Au alloy 
electrode by means of the dispersion of gold under high-temperature sintering into semiconductor 
1 is not generated. Furthermore, by means of vacuum deposition of titanium between silver layer 8 
and nickel layer 3, the adhesive power of silver layer 8 is increased, an electrode 9 with high 
tensile strength can be obtained, and furthermore the dispersion of silver layer 8 is prevented. 

An embodiment of the present invention was explained above, but the present invention 
can be used as an electrode atop GaAs layers in other types of element as well. Furthermore, 
instead of n-type GaAs layers, the present invention can also be applied to other n-type lll-V group 
compound semiconductors as well, and a similar effect as above can be obtained. 

Because the present invention, as explained above, uses germanium, nickel, titanium, and 
silver as the electrode material, the n-type surface layer of a group lll-V compound semiconductor 
that has thin joints formed by 

means of a high-temperature sintering process is made so as to have ohmic properties, and has 
the advantage that an electrode with strong adhesive strength can be obtained. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cutaway showing prior art Ge-Ni-Au alloy electrode; figure 2 is a cutaway 
view showing an embodiment of the present invention. 



1 - n-type group lll-V semiconductor 

2 - Germanium layer 

3 - Nickel layer 

5 - p-type GaAs substrate 

6 - n-type GaAs layer 

7 - Titanium layer 

8 - Silver layer 

9 - Electrode 

(The same numbers refer to the same structures in both drawings) 
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Japanese Examined Patent Application No. 59-66166, Published 
April 4, 1984; Application Filing No. 57-177739 , Filed 
October 7, 1982; Inventor: Takashi ISHIHARA; Assignee: 
Mitsubishi Electric Corp. 



OHMIC ELECTRODE FOR AN N-TYPE GROUP III-V COMPOUND 

SEMICONDUCTOR 

CLAIM: 

An ohmic electrode for an n-type group III-V compound 
semiconductor, characterized in being made from a germanium 
layer, a nickel layer, a titanium layer, and a silver layer. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention is related to improvements for 
ohmic electrodes, and is especially related to ohmic 
electrodes that are applied for use in n-type group III-V 
compound semiconductors that have thin joints. 

As for prior art ohmic electrodes for n-type group III- 
V compound semiconductors, gold-based electrodes of gold-tin 
alloys or germanium-nickel -gold alloys or the like have been 
used. 

Figure 1 shows the structure of a germanium-nickel -gold 
alloy electrode. Within the figure, 1 is an n-type group 
III-V compound semiconductor (below, shortened to 
"semiconductor"); germanium layer 2, nickel layer 3, and 
gold layer 4 have been vacuum vapor-deposited in order on 
the surface thereof. 

Simply attaching the above alloy electrode does not 
allow an ohmic electrode to be obtained; an ohmic electrode 
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can be obtained by carrying out high-temperature sintering 
within an inert or reduction atmosphere, or in a vacuum. 

However, not only is there a high cost associated with 
said gold alloy electrode, but within a high- temperature 
sintering process, the gold disperses into semiconductor 1; 
in a case such as this wherein semiconductor 1 has thin 
joints, the edge of said dispersion causes a short circuit 
when it reaches the joint unit. This means the destruction 
of semiconductor 1. 

The present invention addresses said disadvantage, and 
as such uses silver, which has a small expansion 
coefficient, for the group III-V compound semiconductor 
instead of gold; furthermore, titanium is vapor-deposited 
between gold and nickel, increasing the adhesive power of 
the silver, and acting as a mask that prevents the 
dispersion of silver into the group III-V compound 
semiconductor, so as to form an ohmic electrode. An 
embodiment of the present invention is explained using 
drawings below. 

Figure 2 is a cutaway view showing the electrode 
portion of a case wherein the present invention has been 
applied for use in a gallium arsenide (GaAs) homo- jointed 
solar cell. Within the drawing, a wafer having thin n-type 
GaAs layer 6 formed atop p-type GaAs substrate 5 is properly 
formed so as to have thickness and dimensions that match the 
expected purpose. By means of the method of the present 
invention, germanium layer 2, nickel layer 3, titanium layer 
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7, and silver layer 8 are vapor-deposited in order atop said 
n- type GaAs layer 6. 

Within the present embodiment, electrode 9 that is made 
from germanium layer 2, nickel layer 3, titanium layer 7, 
and silver layer 8 is selectively formed on a portion of n- 
type GaAS layer 6; this is accomplished when germanium layer 
2, nickel layer 3, titanium layer 7, and silver layer 8 are 
vapor-deposited, by means of using a vapor-deposition mask 
or a photoplate technique. After forming the electrode, by 
effecting a high- temperature sintering process at, for 
example, 450 degrees C, electrode 9 is obtained. As for the 
thickness of electrode 9, germanium layer 2 and titanium 
layer 7 are several hundred angstroms or the like; silver 
layer 8 is several thousand angstroms or the like. 

Within electrode 9 having this structure, because 
silver layer 8 is used, the dispersion into GaAs layer 6 is 
small, and as shown in figure 1, joint destruction as' 
generated in a Ge-Ni-Au alloy electrode by means of the 
dispersion of gold under high- temperature sintering into 
semiconductor 1 is not generated. Furthermore, by means of 
vacuum deposition of titanium between silver layer 8 and 
nickel layer 3, the adhesive power of silver layer 8 is 
increased, an electrode 9 with high tensile strength can be 
obtained, and furthermore the dispersion of silver layer 8 
is prevented. 

An embodiment of the present invention was explained 
above, but the present invention can be used as an electrode 
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atop GaAs layers in other types of element as well. 
Furthermore, instead of n-type GaAs layers, the present 
invention can also be applied to other n-type III-V group 
compound semiconductors as well, and a similar effect as 
above can be obtained. 

Because the present invention, as explained above, uses 
germanium, nickel, titanium, and silver as the electrode 
material, the n-type surface layer of a group III-V compound 
semiconductor that has thin joints formed by 

means of a high-temperature sintering process is made so as 
to have ohmic properties, and has the advantage that an 
electrode with strong adhesive strength can be obtained. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cutaway showing prior art Ge-Ni-Au alloy 
electrode; figure 2 is a cutaway view showing an embodiment 
of the present invention. 

1 - n-type group III-V semiconductor 

2 - Germanium layer 

3 - Nickel layer 

5 - p-type GaAs substrate 

6 - n-type GaAs layer 

7 - Titanium layer 

8 - Silver layer 

9 - Electrode 

(The same numbers refer to the same structures in both 
drawings) 
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(54) OHMIC ELECTRODE OF N TYPE HI-V GROUP COMPOUND 

SEMICONDUCTOR 
(11) 59-66166 (A) (43) ]jiiQ«* JP 

(21) Appl. No. 57-177739 (22) 7.10.1982 
(71) MITSUBISHI DENKI K.K. (72) TAKASHI ISHIHARA 
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PURPOSE: To prevent the breakdown of a junction base on the diffusion of Ag 
by forming it of a germanium layer, a nickel layer, a titanium layer and a sil- 
ver layer. 

CONSTITUTION: When a Ge layer 2, an Ni layer 3, a Ti layer 7 and an Ag layer 
8 are sequentially deposited in vacuum on an N type GaAs layer 6 formed on a 
P type GaAs substrate 5 to form electrodes and then sintered at high tempera- 
ture, electrodes 9 are obtained. In the electrodes 9 of such structure, the layer 
8 is used. Accordingly, diffusion to the layer 6 is less, and a junction breakdown 
due to diffusion into the semiconductor 1 of Au into the high temperature sin- 
tering process can be avoided. The adhesive force of the layer 8 is increased, 
thereby preventing the layer 8 from diffusing. 
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PURPOSE: To prevent the breakdown of a junction base on the diffusion of Ag 
by forming it of a germanium layer, a nickel layer, a titanium layer and a sil- 
ver layer. 

CONSTITUTION: When a Ge layer 2, an Ni layer 3, a Ti layer 7 and an Ag layer 
8 are sequentially deposited in vacuum on an N type GaAs layer 6 formed on a 
P type GaAs substrate 5 to form electrodes and then sintered at high tempera- 
ture, electrodes 9 are obtained. In the electrodes 9 of such structure, the layer 
8 is used. Accordingly, diffusion to the layer 6 is less, and a junction breakdown 
due to diffusion into the semiconductor 1 of Au into the high temperature sin- 
tering process can be avoided. The adhesive force of the layer 8 is increased, 
thereby preventing the layer 8 from diffusing. 
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